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ABSTRACT 
 
 
Lumpy skin disease is one of the major infectious diseases of cattle that threaten livelihoods and 
food security of smallholder farmers, livestock international trade resulting in high economic losses 
in Ethiopia. Cross-sectional and retrospective studies were undertaken from February 2016 to May 
2017 with the objectives of estimating the seroprevalence, identifying associated risk factors, 
assessing the perception and awareness of farmers towards the disease and demonstrating the spatial 
and temporal distribution of the disease in the Amhara region. Systematic random sampling was 
used to sample individual animals for serological investigation. Five years outbreak reports of 
Amhara region obtained from the national data base was analysed for the retrospective study. A 
total of 672 cattle serum samples were collected from 10 districts of western Amhara. The overall 
antibody prevalence of Lumpy skin disease was 14.9% (95% confidence interval 12.2-17.6%). Age 
of animals, agro-climate and livestock management was found important risk factors associated 
with the occurrence of Lumpy skin disease in the study region. The questionnaire survey revealed 
that Lumpy skin disease is well known by farmers and top ranked infectious disease of cattle in the 
study area. According to farmer respondents; season, communal grazing and watering points and 
animal movement were factors for the occurrence and wide spread of lumpy skin disease. The 
temporal and spatial distribution showed that Lumpy skin disease has been occurred widely in every 
year with increased trend from year 2010 to 2014 in the Amhara region. The highest number of 
outbreaks was observed at the end of main rainy season and peak in November. In conclusion, the 
present study findings indicated that Lumpy skin disease is widely distributed and endemic in 
Amhara region. Hence, appropriate control measures including regular surveillance and vaccination 
should be implemented to mitigate the problem. 
 
Key words: Cattle, Epidemiology, Lumpy skin disease, Seroprevalence, Western Amhara Region
1 
 
1. INTRODUCTION 
 
 
In Ethiopia, agriculture is the main economic activity in which livestock play a very important role. 
In Ethiopia, agriculture contributes about 50% to the overall gross domestic product (GDP), 
generates 90% of export earnings, and provides employment for 80% of the population (CSA, 
2016). Livestock is an integral part of the agriculture and the contribution of live animals and their 
products to the agricultural economy accounts for 47%. Among livestock species, cattle contribute 
significantly to the livelihoods of farmers. They serve as a source of draught power for the rural 
farming population, supply farm families with milk, meat, manure, and also as a source of cash 
income, playing a significant role in the social and cultural values of the society. They are also used 
to generate critical cash in times of scarcity, provide collateral for local informal credit and serve 
other socio-cultural functions in Ethiopia (Andualem, 2016).  
 
The total cattle population of the country is estimated to be about 57.83 million, out of this 
15,454,923 (23%) cattle are present in Amhara region and 10,743,030,(15.3%) in the Western 
Amhara region. Of the total cattle present in Ethiopia 99.26 % is local breeds while the remaining 
are hybrid and exotic breeds that accounted for about 0.64 % and 0.1 percent, respectively (CSA, 
2013).  
 
Ethiopia has an immense potential for cattle production, both for local use and export purposes. 
However, expansion and productivity were constrained quantitatively and qualitatively by 
inadequate and imbalanced nutrition, disease outbreak, scarcity of water, lack of appropriate 
livestock extension services, and marketing (Andualem, 2016). The major cause of economic losses 
and of poor productivity in cattle production is the prevalence of a wide range of diseases such as 
Anthrax, Blackleg, pasteurellosis, Contagious Bovine Pleuropneumonia (CBPP), Foot and Mouth 
Disease (FMD), LSD(Lumpy skin disease),Trypanosomosis and the presence of internal and 
external parasites (Abraham, 2005). 
 
Lumpy skin disease is a generalized skin disease which is an infectious, eruptive and sometimes 
fatal disease of cattle caused by a virus associated with the neethling poxvirus in the genus 
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Capripoxvirus of the family Poxviridae. Various strains of capripoxvirus are responsible for the 
disease and these are antigenically and serologically indistinguishable from strains causing sheep 
pox and goat pox, but distinct at the genetic level (Babiuk et al., 2008). Lumpy skin disease has a 
partly different geographical distribution from that of sheep and goat pox, suggesting that cattle 
strains of capripoxvirus do not infect and transmit between sheep and goats (OIE, 2010).  
 
Lumpy skin disease is an acute to subacute viral disease of cattle that can cause mild to severe 
symptoms, including fever, nodules in the skin, in the mucous membranes and in the internal organs, 
oedema of limbs, lymphadenitis and sometimes death. The disease can result in economic losses due 
to decreased milk production, traction power loss, weight loss, poor growth, abortion, infertility and 
skin damage. Pneumonia is a common sequel in animals with lesions in the mouth and respiratory 
tract (Davies, 1991; CFSPH; 2008, OIE, 2010). 
 
Lumpy skin disease was first observed in the western part of Ethiopia (southwest of Lake Tana) in 
1983. It has now spread to almost all the regions and agroclimate zones. Some epidemiological 
studies have been carried out since the disease was established in the country, with the diverse agro-
ecological and production systems. Targeted sampling from outbreak areas around Southern 
rangeland, Wolliso town and northern Ethiopia reported prevalences in the range of 11.6 to 28%and 
a herd prevalence of 37-51% in Afar and Tigray regions (Zelalem et al., 2015; Birhanu and 
Gezahign, 2015). 
 
The disease is one of the most economically significant transboundary viral diseases of cattle, 
causing loss of condition in infected animals and permanent damage to the hides. As a 
transboundary disease, it causes an international ban on the trade of livestock and their products 
(Birhanu et al., 2015). It is a vector-borne disease mechanically transmitted by biting arthropods and 
the occurrence of the disease is high during high abundance of flies. It is currently endemic in most 
African countries and Middle East region (Tuppurinen and Oura, 2011; Tuppurinen et al., 2015). It 
is a disease with a high morbidity and low mortality rate and affects cattle of all ages and breeds.  
The disease brought high economic pressure on the subsistence of the poor farmers, particularly 
pastoralists at which their vital economy relays on the production of livestock and mixed farming 
system (Buller et al., 2005). 
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Lumpy skin disease causes a variable degree of clinical and pathological outcomes. The 
observations in the different epizootic occurrences of the disease have shown that a multifaceted 
phenomenon dictates the pathogenicity of the virus (Woods, 1988; Davies, 1991; Barnard et al., 
1994; Lefèvre and Gourreau, 2010). Cattle movements for trade purpose on foot, road, railways or 
other causes of movements play significant role in the spread and dissemination of the virus 
(Woods, 1988). The epizootic occurrences observed in Ethiopia showed LSD causes severe clinical 
disease in local zebu cattle as already reported for Sanga breed like Fogera cattle (Babiuk et al., 
2008).  
 
In Ethiopia, limited works have been done on LSD so far and few works have been reported on risk 
factors assessment, epidemiological aspects, seroprevalence and financial impacts in selected areas 
of the country (Gari et al., 2010, 2011; Alemayehu et al., 2012). Currently, the disease is widely 
distributed across the country with important economic impacts (Gari et al., 2012). Therefore, this 
study was undertaken with the general objective to investigate the occurrence and associated factors 
of LSD in western Amhara region to reduce the negative impacts of the disease on food security, 
trade and the resilience of the farmers in the western Amhara region by prevailing with appropriate 
control measures. 
 
Objective:  
 
General objective: The general objective of this study was to investigate the magnitude, temporal 
and spatial distribution of LSD and epidemiological factors involved in the occurrence of the disease 
in Amhara region. 
 
Specific objectives:  
 
The specific objectives of the study were to; 
 estimate the seroprevalence of LSD in the western Amhara region  
 identify risk factors associated with the occurrence of the disease 
 assess the spatial and temporal distribution of  LSD outbreaks  in Amhara region 
 assess the farmers knowledge and perception towards the LSD 
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2.  LITERATURE REVIEW 
 
 
2.1. Historical background of Lumpy skin disease 
 
The clinical syndrome of LSD was first described in Zambia in 1929. Between 1943 and 1945, cases 
occurred in Botswana, Zimbabwe and the Republic of South Africa. The infectious nature of the 
disease was recognized at this time. A panzootic in South Africa, which lasted until 1949, affected 
some eight million cattle and consequently incurred enormous economic losses (Diesel, 1949; 
Davies, 1991). 
 
Lumpy skin disease is widespread throughout Africa excluding Algeria, Morocco, Tunisia and 
Libya (Tuppurainen and Galon, 2016). In 1989 the disease was reported in Israel and since then 
sporadic outbreaks occurred in several Middle Eastern countries. In 2012, the disease appeared at 
the north-eastern border of Israel and spread since at an unprecedented scale within the Middle East. 
Outbreaks were reported from Lebanon, Palestinian Autonomous Territories, Jordan, Kuwait, Saudi 
Arabia, Iraq, and Iran. The first incursion of the disease in Turkey was reported in 2013, where LSD 
is currently an endemic disease. This was swiftly followed by outbreaks in the northern part of 
Cyprus, Azerbaijan, Armenia and Kazakhstan.  
 
Recently Dagestan, Chechnya and Krasnodar kray and Kalmykiyan Republic in southern Russia, as 
well as South Ossetia have reported LSDV outbreaks. As anticipated, in 2015 the disease spread 
from Turkey to Greece, followed by outbreaks in 2016 in Bulgaria, the Former Yugoslav Republic 
of Macedonia, Serbia, Albania, Montenegro and Kazakhstan. Currently, there is a high risk of 
further spread of LSD within the Caucasus region and South-East Europe (Tuppurainen and Galon, 
2016) 
 
In Ethiopia, LSD was first observed in 1983 in the western part of the country (south west of Lake 
Tana) (Mebratu et al., 1984). After its first appearance, an explosive sudden epidemic spread from 
the north through the central to the southern part of the country. In the subsequent 3-5years, it had 
covered vast area of the highland and midland parts of the country. According to Gari et al., (2010)  
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major epidemic outbreak of LSD occurred in different regions of Ethiopia like Amhara and W/ 
Oromiya Regions in 2000/2001, Oromiya and Southern Nation, Nationalities and Peoples (SNNP) 
regions in 2003/2004 and Tigray, Amhara and Benishangul regions in 2006/2007 (Zelalem et al., 
2015). 
 
Formerly it extended to the central and the southern parts of the country in 2003/04 covering large 
parts of Oromia and SNNP regions. In 2006/07 another extensive outbreak reappeared in Tigray, 
Amhara and Benishangul regions in the North and Northwestern parts of the country. From 2007 up 
to 2009 the outbreak number progressively increased in Oromia Region situated in the central part 
of the country while it seemed to be gradually decreased in the northern part of the country 
including Tigray, Amhara and Benishangul regions (Gari, 2011). The national disease outbreak 
report during these 10years showed that LSD has spread virtually to all the regions in the country 
and in different agro climatic zones. It has now spread to almost all the regions and agro ecological 
zones. Some epidemiological studies have been carried out since the disease was established in the 
country, with the diverse agro ecological and production systems. A study based on seroprevalence 
in southern Ethiopia reported a prevalence of 6 %. Targeted sampling from outbreak areas around 
Southern Rangeland, Wolliso town and northern Ethiopia reported prevalences of 11.6 %, 27.9 % 
and 28 %, respectively (Gari, 2011). A recent prevalence study results showed higher herd 
prevalence recorded in Afar (51 %) and the Tigray (37 %) regions (Birhanu, 2015). 
 
In 2010, animal and plant health regulatory directorate reported a prevalence of 1.63%, 0.49%, 
5.2%, 2.69%, 0.37%, 0.7%, and 3.8% in Addis Abeba, Amhara, Gambela, Oromia, SNNP, Somali 
and Tigray regions, respectively. The 2011 annual report also showed a prevalence of 0.36%, 
1.13%, 0.22%, 0.65%, 0.24% and 0.30% in Amhara, Gambela, Oromia, SNNP, Somali and Tigray 
regions, respectively (Table 1). This is an indicative that how much the disease distributed 
throughout the country (Rgbe, 2012). 
 
 
 
6 
 
Table 1: Summary reports of Lumpy skin disease in Ethiopia (1991-2013) 
No Part of Ethiopia Source Seroprevalence Year 
1 Western Wollega Zelalem et al., (2015) 6.43% 2013 
2 Southern Ethiopia 
Wolliso town  
Northern Ethiopia       
Zelalem et al., (2015) 11.6 % 
27.9 %  
28 % 
2008 
1991 
1991 
3 Tigray 
Afar 
Birhanu (2012) 
 
37 % 
51 % 
2012 
2012 
 
 
2.2. Causative agent of Lumpy skin disease 
 
Lumpy skin disease is one of a serious poxvirus disease of cattle caused by LSD virus (LSDV), a 
DNA virus, belong to the genus Capripoxvirus in the family Poxviridae. The prototype strain is 
Neethling virus. It is closely related to the Sheeppox virus (SPPV) and Goatpoxvirus 
(GTPV).However, although all three viruses are considered distinct species, they cannot be 
differentiated serologically. Therefore, the only molecular techniques to distinguish LSD from 
SPPV and GTPV have been developed (OIE, 2010). 
 
Lumpy skin disease virus is very resistant in the environment and can remain viable for long periods 
on or off animal hosts. Capri poxviruses have lipid-containing envelopes and susceptible to a range 
of disinfectants containing detergents. They are susceptible to sunlight, but survive well at cold 
temperatures. The virus is inactivated by heating for 1 hour at 55°C (Davies, 1981). Lumpy skin 
disease virus is present in the nasal, lachrymal and pharyngeal secretions, semen, milk and blood 
and other secretions of infected animals. It may remain in saliva for up to 11 days and in semen for 
22 days. Material from skin lesions also contains an infective virus when shed (Barnard et al., 
1994).  
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2.3. Epidemiology of Lumpy skin disease 
 
Lumpy skin disease is an important, economically devastating, notifiable disease which brought 
production loss in cattle due to generalized malaises and chronic debility (Tuppurainen and Oura, 
2011). Good understanding of epidemiological aspects of LSD related to the pathogen, host and 
environment might aid for prevention and control. Particular emphasis should be given to the 
exposure of the hosts to the pathogens in a suitable environment that facilitate the transmission and 
distribution of the disease. Morbidity of the disease is widely variable 3-85% and mortality usually 
less than 10%. (20-85% in some outbreaks) and pregnant cows in 1-7% of cases may abort. The 
frequency of morbidity and mortality of the disease, its geographic distribution and mode of 
transmission in large herds of cattle was observed to cause severe economic losses (Birhanu et al., 
2015). 
 
2.3.1 Host range 
 
Lumpy skin disease is primarily a disease of cattle: Bostaurus breeds, particularly Jersey, Guernsey 
Hollestion Fresian and Ayrshire, are more susceptible to clinical disease than zebu cattle 
(Bosindicus). A few cases have been reported in Asian water buffalo (Bubalus bubalis) (Zelalem et 
al., 2015). 
 
Some wild species like Giraffe (Giraffa Camelopardalis), Impala (Aepyceros melampus), and 
Thomson's gazelle have been infected experimentally by parenteral inoculation with LSD virus and 
have developed characteristic lesions. However, under natural conditions, lesions of LSD have not 
been seen in these animals when they have been present during epizootics of the disease (Young et 
al., 1970).  
 
Sheep and goats do not become infected during outbreaks of LSD even when held in close contact 
with infected cattle. African buffaloes (Syncerus caffer) and Asian water buffaloes (Bubalus 
bubalis) do not show lesions in the field during epizootics of LSD, but both buffalo types may suffer 
an unapparent infection and seroconvert (Davies, 1991). Infection has been reported in Arabian 
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Oryx in Saudi Arabia (Greth et al., 1992). In general the role of wildlife in the transmission and 
maintenance of LSD virus was found almost negligible (Hedger and Hamblin, 1983).  
 
2.3.2 Geographical distribution 
 
Geographic distributions of LSDV, GTPV and SPPV is distinctly different and both SPPV and 
GTPV geographically ranged and restricted to Africa and Asia for the last 50 years, extending from 
Africa to the north of the equator (Kitching et al 1989). Lumpy skin disease was originated from 
Sub Sahara African countries in 1929 and spread to the north and south during the last 80 years. The 
geographic coverage of LSD has extended its range to include all countries in sub-Saharan Africa as 
well as Madagascar and it is endemic to every African country (Morocco, Algeria, Libya and 
Tunisia didn’t reported the disease (Tuppurainen et al., 2016) and occurs in various ecological zones 
from temperate areas of dry, semi-arid and arid areas (Davies, 1991). It also reported in the Middle 
East countries (Figure 1). Recently, the disease also spread to European Countries (Figure 1). 
 
 
Figure 1: Geographical distribution of Lumpy skin disease in different countries as reported to OIE 
(2005–2013); source: EFSA (2015) 
 
In Ethiopia, analysis of retrospective data between January 2007 and December 2011 indicated that 
a total of 1,675 outbreaks with 62,176 cases and 4,372 deaths were reported to the Ethiopian MOA. 
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The highest number of outbreaks was recorded in 2010 (447) followed by 2009 (339). The 
frequency of reported outbreaks was higher between September and December, with the highest 
numbers in October (266) and November (287); the lowest number was reported in May (Ayelet et 
al., 2014).  
 
The analysis showed that LSD was reported from all regions of the country except Harari and Dire 
Dawa. Outbreaks were frequently reported from Oromia (1,066), Amhara (365) and the Southern 
Nations, Nationalities and People’s Region (SNNPR) (123). The majority of the outbreak reports 
were from the central and southwestern parts of the country; Illubabor, Jimma, South-West Shoa, 
and Arsi have been the most frequently affected zones (Ayelet et al., 2014) (Figure.2). 
 
 
Figure 2: Map of Ethiopia showing the distribution of Lumpy skin disease outbreaks (2007-2011) 
Source: (Ayelet et al., 2014) 
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2.3.3 Epidemiological risk factors 
 
Host Susceptibility: Lumpy skin disease is a disease of cattle and causes several disorders. Though 
all breeds and age group are susceptible, Bostaurus are particularly more susceptible to clinical 
disease than zebu cattle. Among Bostaurus, fine-skinned Channel Island breeds develop more severe 
disease (OIE, 2010). Lactating cows appearing to be severely affected and result in a sharp drop in 
milk production because of high fever caused by viral infection itself and secondary bacterial 
mastitis. Young animals are severely affected and clinical symptoms are rapid to appear. Apart from 
these animals, few cases have been reported in Asian water buffalo (Bubalus bubalis). Clinical cases 
or antibodies have been reported in other species such as oryx, but may have been caused by closely 
related poxviruses (Tuppurainen and Oura, 2011).  
 
Generally clinical severity of disease depends on the susceptibility and immunological status of the 
host population (CFSPH, 2008). Some wild species like Giraffe (Giraffa Camelopardalis), Impala 
(Aepyceros melampus), and Thomson's gazelle have been infected experimentally by parenteral 
inoculation with LSD virus and have developed characteristic lesions. However, under natural 
conditions, lesions of LSD have not been seen in these animals when they have been present during 
epizootics of the disease (Young et al., 1970).  
 
Environmental Factors: Environmental determinants play a great role in the epidemiology of LSD. 
It had a major impact on the agent, host and vectors as well as the interaction between them. These 
predisposing factors have a great role in the maintenance of arthropod vector and transmission of the 
virus to susceptible animals (Thomas, 2002). These are herd risk factors that have an influence on 
the outbreak of the disease. Animals share the same grazing and watering points and unrestricted 
movement of animals across different borders following rainfall were some of the factors 
(Tuppurainen and Oura, 2011). The distribution of the disease in various agro climatic conditions, 
introduction of new animals to the herd and the presence of water bodies is among the other risk 
factors that would facilitate the spread of outbreaks in various localities (Gari et al., 2011; 
Tuppurainen and Oura, 2011, Hailu et al, 2014). The vectors which play a great role in the 
transmission of the virus are maintained in such environment associated with the coming of the wet 
season followed by autumn (Gari, 2011). 
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 Pathogen risk factor: Lumpy skin disease virus is generally resistant to drying, survive freezing 
and thawing. Resistance to heat is variable, but most are inactivated at temperatures above 60°C 
(Radostits et al., 2006). Lumpy skin disease virus is very resistant to physical and chemical agents. 
The virus persists in necrotic skin for at least 33 days and remains viable in lesions in air-dried hides 
for at least 18 days at ambient temperature, six months in a suitable environment, such as shaded 
animal pens and can survive longer in a wet environment which can protect them from the rays of 
sunlight (Weiss, 1968).  
 
2.3.4 Origin of infection and transmission 
 
According to Rgbe, (2012) infected cattle are the main source of LSDV infection. Transmission of 
LSD among cattle is inefficient, and arthropod-vectored transmission may be significant in epizootic 
outbreaks and in the spread of LSD into non-enzootic regions and direct contact could be a minor 
source of infection (Alaa et al., 2008). Lumpy skin disease virus can be found in cutaneous lesions, 
saliva, respiratory secretions, milk and semen. Shedding in semen may be prolonged; viral DNA has 
been found in the semen of some bulls for at least 5 months after infection (Kitching, 1995 and 
Zelalem et al., 2015).  
 
The most likely way for LSD to enter a new area is by introduction of infected animals. The 
extensive livestock production system allows the maximum chance for different herd mixing during 
utilization of communal grazing lands and watering points. Under this prevailing system, it is likely 
to speculate that the introduction and spread of LSD infection could have favorable environment. 
Uncontrolled cattle movements due to trade, pastoralism, vector, insect population and dynamic, wet 
climate which favors insect multiplications and other reasons of cattle movement from place to place 
could render potential risk factors for the transmission of the disease from herd to herd and from 
place to place. Animals can be infected experimentally by inoculation with material from cutaneous 
nodules or blood, or by ingestion of feed and water contaminated with saliva. Lumpy skin disease 
virus has been proven to be transmissible to calves through infected milk (Vorster and Mapham, 
2008). 
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At the present time it is widely accepted that LSDV is transmitted mainly by arthropod vectors. This 
vector-related transmission is apparently more mechanical, rather than biological. Recently, new 
evidence has been published reporting a possible role for hard ticks in the transmission of LSDV. 
The study showed molecular evidence of transtadial and transovarial transmission of LSDV by 
Rhipicephalus (Boophilus) decoloratus (transovarial), Rhipicephalus appendiculatus and 
Amblyomma hebraeum (mechanical/intrastadial) (Tuppurainen, and Oura. 2012). This distinction is 
important because infectious organisms do not generally survive in vectors for long periods for 
multiplication or over-wintering in Aedes egypti. Study by Chihota et al. (2001) indicated that the 
virus can survive 2-6 days post feeding from infected cattle and transfers this to susceptible cattle by 
female mosquitoes, Aedes egypti during experimental infection.  
 
Mosquitoes and other flies such tabanids, Culicoides, biting midges and Glossina species like tsetse 
fly are among the other arthropod vectors that play a great role in the transmission of the virus. The 
participation of these flies in the spread of LSDV has been confirmed by isolation of the virus from 
the stable flies fed on infected cattle and this indicated that these flies are efficient vectors of Capri 
poxviruses (Bruce et al., 2004). Flies, including housefly, bush fly and blowflies are also very 
commonly associated with infected cattle possible to siphon off infected lachrymal, nasal or other 
secretions and transfer the virus to other susceptible animal. Vermin, predators and wild birds might 
also act as mechanical carriers of the virus (Kitching and Mellor, 1986; Ausvetplan, 2009). 
 
Outbreaks of LSD are highly associated with seasonal peak of mechanical vectors in wet and warm 
weather conditions in Ethiopia (Gari et al., 2010). Excretion of LSDV in semen was detected using 
PCR from experimentally challenged bulls by Osuagwuh (2006). The greatest risks are imposed that 
semen or movement of semen from countries where the disease is endemic can transmit the disease 
(Irons et al., 2005). There were also assumptions that virus also secreted in vaginal secretions. The 
extremely resistant nature of the virus in the environment would therefore make venereal 
transmission very likely (CMGGR, 1993). 
 
A study in Ethiopia also indicated that communal grazing and watering points were found to be 
associated with the occurrence of LSD (Gari et al., 2010); introduction of new animals to a herd had 
a strong association with an increased risk of disease in the herd. Excretion of LSDV in semen was 
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detected using PCR from experimentally challenged bulls by Osuagwuh (2006). The greatest risks 
are imposed that semen or movement of semen from countries where the disease is endemic can 
transmit the disease (Irons et al., 2005) but no standard procedures were present to detect the 
presence of LSDV in semen. Information was unavailable on transmission of LSD via semen or 
embryos.). There were also assumptions that virus also secreted in vaginal secretions. The extremely 
resistant nature of the virus in the environment would therefore make venereal transmission very 
likely (CMGGR, 1993).  
 
The virus can be transmitted by animal products such as milk, fomites such as though most 
infections are thought to be the result of insect transmission, field observations have demonstrated 
that the spread of the virus from farm to farm and district to district might be due to the absence of 
complete restriction of all animal movements (Tuppurainen, 2005; Ausvetplan, 2009). The 
movement of infected stock, road and rail transport could play an important role in rapidly spreading 
LSD over larger areas (Kitching and Mellor, 1986). 
 
 
2.4. Pathogenesis and clinical sign of the disease 
 
The basic pathogenic mechanism by which the virus seems to cause lesions is viral replication in 
cells, such as the pericytes and endothelial cells in lymphatic‟s and blood vessel walls; giving rise to 
vasculitis and lymphangitis. In some more severe cases, thrombosis and infarction may be the end 
result. Other cells, such as macrophages, fibroblasts and keratinocytes may also be infected. Most 
animals that recover from clinical disease seem to develop a lifelong immunity. Immunity to LSD 
seems mostly cell- mediated but maternal antibodies acquired by calves may protect them from 
clinical diseases for approximately six months (Vorster and Mapham, 2008). 
 
An incubation period of 2-4 weeks is common in field outbreaks and 7-14 days following 
experimental challenges. The clinical signs range from an apparent to severe. Host susceptibility, 
dose and route of virus inoculation affect the severity of disease. In severe cases there is an initial 
rise of temperature, which lasts for over a week, sometimes accompanied by lacrimation, nasal 
discharge, salivation, and lameness (Annex 1). Multiple nodules appear suddenly about a week later, 
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the first ones usually appearing in the perineum. They are round and firm, varying from 1 to 4 cm in 
diameter, and are flattened and the hair on them stands on end. They vary in number from a few to 
hundreds; they are intradermal and, in most cases, are confined to the skin area. Other 
manifestations that may be observed in severe cases include lesions in the nostrils and on the 
turbinates, causing mucopurulent nasal discharge, respiratory obstruction and snoring; plaques, later 
ulcers, in the mouth, causing salivation; nodules on the conjunctiva, causing severe lacrimation, and 
on the prepuce or vulva, and spreading to nearby mucosal surfaces. The limbs may become grossly 
distended with edema fluid (Radostits et al., 2006; Salib and Osman, 2011).  
 
Feed intake decreases in affected cattle, milk yield can drop markedly, and animals may become 
emaciated. Rhinitis, conjunctivitis and keratitis can also be seen; ocular and nasal discharges are 
initially serious but become mucopurulent. Secondary bacterial infections can cause permanent 
damage to the tendons, joints, teats and mammary gland. Abortions and temporary or permanent 
sterility may occur in both bulls and cows. A few animals die, but the majority slowly recovers. 
Recovery can take several months, and some skin lesions may take a year or two to resolve. Deep 
holes or scars are often left on the skin (Grooms, 2005).  
 
The post mortem lesions can be extensive. Characteristic grayish-pink deep nodules with necrotic 
centers are found in the skin (Grooms, 2005). Similar lesions on the skin are present in the mouth, 
pharynx, trachea, skeletal muscle, bronchi and stomachs, and there may be accompanying 
pneumonia. The superficial lymph nodes are usually enlarged. Respiratory distress and death are 
often the result of respiratory obstruction by the necrotic ulcers and surrounding inflammation in the 
upper respiratory tract and/or concurrent aspiration pneumonia (Radostits et al., 2006). 
 
 
2.5. Diagnosis of Lumpy skin disease 
 
The tentative diagnosis of LSD is usually based on characteristic clinical signs, differential diagnosis 
and the clinical diagnosis are confirmed by laboratory tests using conventional PCR (OIE, 2016). 
According to Carn (1995) LSD would be presumptively diagnosed based on case history and 
apparent clinical (OIE, 2010). Rapid laboratory tests are needed to confirm the disease. Laboratory 
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test of LSD can be made by identification of the agent, routine histopathological examination and 
immune histological staining (Tuppurainen, 2005).  
 
Clinical Examination:  Clinically, LSD should be suspected when the characteristic skinnodules, 
fever and enlarged superficial lymph nodes are seen and the mortality rate is usually low. The 
appearance of the skin lumps that characterize the disease follows within 48 hours. Nodules may 
appear anywhere on the body from the nose to the tail. Distribution is in a random pattern and not 
linear. Similar lesions appear in the mucosa of the mouth, nose, vagina and conjunctiva. A purulent 
nasal and ocular discharge is common (Weiss, 1968).  
 
Lumpy skin disease can be suspected when characteristic skin nodules, fever, and swollen lymph 
nodes are seen. Confirmation of LSD in a new area requires virus isolation and identification. 
Antigen testing can be done using direct immunofluorescent staining, virus neutralization, or ELISA 
Typical capripox (genus) virions can be seen using transmission electron microscopy of biopsy 
samples or desiccated crusts. This finding, in combination with a history of generalized nodular skin 
lesions and lymph node enlargement in cattle, can be diagnostic. Serological tests include an indirect 
fluorescent antibody test, virus neutralization, Western blot, and ELISA. Cross-reactions may occur 
with other poxviruses (Gari, 2011). 
 
Laboratory Tests: Laboratory confirmation of LSD is most rapid using a polymerase chain reaction 
(PCR) method specific for Capri poxviruses or by the demonstration of typical Capri pox virions in 
biopsy material or desiccated crusts using the transmission electron microscope in combination with 
a clinical history of a generalized nodular skin disease and enlarged superficial lymph glands in 
cattle. As mentioned by CFSPH, 2008, Tuppurainen and Oura, 2012 and OIE, 2010, routine 
Diagnostic Techniques are described in the OIE Manual of Diagnostic Tests and Vaccines 
including: Identification of the agent and Serological tests (OIE, 2010). 
 
Indirect Fluorescent Antibody Test (IFAT): It demonstrated to be suitable for use in retrospective 
serological surveys in a study carried out in Ethiopia and it was evaluated test for accuracy (Gari et 
al, 2008). The IFAT, is a serological test for the Capri pox virus. It was used to detect serum 
antibody against Capri pox virus and differentiate serological positive and negative animals (Davies, 
1991). 
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3.6. Differential diagnosis 
 
Misdiagnosis of skin lumps and misreporting of infection have probably been common over the 
years due to veterinarians not having previous experience of the disease. Although severe LSD is 
highly characteristic, but milder forms can be confused and misdiagnosed with numerous diseases 
and infections such as pseudo LSD (Bovine Herpesvirus), bovine papular stomatitis (Para poxvirus), 
pseudo cowpox (Para poxvirus), Vaccinia virus and Cowpox virus (Orthopoxviruses) infections, 
dermatophilosis, insect or tick bites, besnoitiosis, rinderpest, demodicosis, Hypoderma bovis 
infection, photosensitisation, urticaria, cutaneous tuberculosis and onchocercosis (OIE, 2009). 
 
 
2.7. Control and prevention 
 
Control and prevention of LSD in endemic countries like Ethiopia rely mainly on vaccination. The 
experience in the major parts of the country showed that the vaccination approach is commonly 
chosen and is often that of ring vaccination around a local foci outbreak when it occurs. Animals 
that recover from virulent LSD infection generate lifelong immunity consisting both of a humoral 
and cell mediated protective immunity (Kitching et al., 1987). Maternal immunity provides 
protection from LSD in calves at least for 6 months (Davies, 1991). 
 
Lumpy skin disease should appear in cattle in another country beyond its previous range. Therefore, 
it needs to stop if occurred and to block if new and this can be carried out either by sanitary 
prophylaxis or medical prophylaxis In case of sanitary prophylaxis import restrictions on livestock, 
carcasses, hides, skins and semen can help to prevent the introduction of LSD into the disease free 
countries (Davies, 1991).  
 
The control of LSD can be achieved through vaccination, restriction of animal movement and 
eradication of infected and exposed animals. However, this requires adequate financial, 
infrastructural and human resources, and information systems. Under the prevailing conditions in 
Ethiopia it has not been possible to implement all these strategies and thus vaccination has been 
adopted as the most important practical approach to LSD control for many years. The Kenyan 
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sheep- and goat-pox vaccine strain KS-1 has been in use because of its advantage of conferring 
cross-protection to LSD, in accordance with the OIE recommendations. However, reports from field 
veterinarians of LSD in vaccinated animals have been increasing during the past few years (Ayelet 
et al., 2014). 
 
 
2.8. Economic importance of Lumpy skin disease 
 
Economic losses due to LSD depend on the degree of production losses due to morbidity and 
mortality. Milk yield fall more than 50% in affected herds has been reported and concurrent purulent 
mastitis which can cause loss of quarters could accentuate the fall in milk production (Woods, 1988; 
Lefèvre and Gourreau, 2010). The full skin thickness lesions of LSD punch holes right through the 
hide, thereby causing permanent damage (Prozesky and Barnard, 1982). Secondary infections of the 
skin and lung lesions results in further debility often cause culling. Abortion may occur due to 
prolonged fever lasting up to 72 hours and it is not uncommon in the early stages. Temporarily 
sterility in bulls and extended delay in coming to estrous in cows due to debility had been recorded. 
Economic losses to the producers in terms of physical loss impact could be comparable to that 
caused by Foot and mouth disease (FMD) (Babiuk et al., 2008). 
 
Lumpy skin disease is one of the economically significant diseases in Africa and the Middle East 
countries that cause severe production loss in cattle. The world organization for animal health (OIE, 
2010) categorizes the disease as notifiable diseases because of its severe economic losses. The 
economic importance of the disease was mainly due to having a high morbidity rate rather than 
mortality. The financial implication of these losses is greatly significant to the herd owners, 
consumers and the industrial sectors which can process the livestock products and by-products 
(Tuppurainen and Oura, 2011). 
 
In intensive farming of cattle, the direct and indirect production losses caused by LSD were 
estimated to be as high as 45-60% (Tuppurainen and Oura, 2011). It was reflected that the severity 
of the disease was much more in developing countries where the poorest small scale farmers was 
found. Reports from Ethiopia indicated that the financial loss estimated based on milk , beef, 
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draught power, mortality, treatment and vaccination costs in individual head of local zebu were lost, 
6.43USD and for the Holstein Friesian 58USD (Gari et al., 2010). 
 
The disease mainly affects cattle with subsequent effects on production through the morbidity and 
reduced productivity (CFSPH, 2008).Major consequences of the disease are a retarded genetic 
improvement, limits the ability of the animal to work, draught power and traction loss, abortion in 
pregnant cows, marked reduction of milk yield during the active case of the disease, sterility and 
infertility in both sexes of cattle, permanent damage to hide and chronic debility in beef cattle. 
Control of the disease with special emphasis to endemic areas is an important way to reduce the 
losses and increase the incomes of cattle owners (Tuppurainen, 2005; OIE, 2010). 
 
Control costs associated with the disease might depend on the type of program to carry out. Israel 
and Egypt was tried to eradicate the disease by slaughter and mass vaccination. The compensation 
for the compulsory slaughter of infected and dangerous contact animals would impose some 
hardship, for loss of valuable genetic potentials and lack of finance for compensation. Prevention of 
restocking until after a possibly lengthy prescribed period had elapsed would exacerbate serious 
cash flow problems on infected premises and dangerous contact premises (Thomas, 2002). 
Movement restrictions within restricted area and area control would cause loss of market 
opportunities and associated financial losses to unaffected properties and to support industries such 
as stock transport (Tuppuraine, 2005). Therefore, the disease must be the major foci of activity for 
its control and economic implication of the disease must be established and return to the investment 
for its control. The impact of the disease is beyond a single farm unlike to some of the parasitic 
diseases. Outbreaks of the disease in one herd impose risk to the neighbors in production systems 
where there is poor control of cattle movement. This significant economic impact of the disease is 
mainly due to the morbidity and to a lesser extent because of mortality (Birhanu et al., 2015). 
 
The morbidity and mortality rates for LSD vary greatly in different endemic areas depending on the 
severity of the strain, prevalence of insect vectors and susceptibility of the host (Gari et al., 2010). 
An outbreak in a previously free country could be expected to result in a high morbidity rate. If LSD 
became endemic, continuing economic loss and poor productivity would occur due to stock losses, 
reduced production in cattle industries and cost of preventative vaccination. Permanent loss of some 
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markets would also be expected, with the associated downturn in the rural economy and increased 
rural unemployment (Tuppurainen and Oura, 2011). 
 
As a whole, LSD is considered as a disease of high economic pressure because of its ability to 
compromise food security through protein loss, draft power, reduced output of animal production, 
increase production costs due to increased costs of disease control, disrupt livestock and their 
product trade, the result of reduced milk yield, weight loss, abortion, infertility in cows, mastitis and 
infertility in lactating cows, infertility in bulls (Weiss, 1968; Kumar, 2009). Permanent damage to 
the skin and hide greatly affect leather industry. It causes ban on international trade of livestock and 
causes prolonged economic loss as it became endemic and brought serious stock loss (Ausvetplan, 
2009; Gari et al., 2010). 
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3. MATERIALS AND METHODS 
 
 
3.1. General description of the study area 
 
The study was conducted in the Amhara National Regional State (ANRS), located in the North-
western part of Ethiopia between 9°20' and 14°20' North latitude and 36° 20' and 40° 20' East 
longitude. Its land area is estimated at about 170,000 km2. The Questionnaire and sero-survey 
studies were conducted from February 2016 through May 2017 in selected districts of the western 
Amhara region, which comprises of five zones, namely North and South Gondar, West and East 
Gojjam and Awi Administrative zones (Figure 3).  
 
A total of 66 districts (20 in N. Gondar, 10 in S. Gondar, 13 in W. Gojjam, 16 in E. Gojjam and 7 in 
Awi) are found in the western region. The region is characterized by different agro-climates (Dega 
or ‘highland’ (>1900 m), Weyna dega or ‘midland’ (1200–1900 m) and Kolla or ‘lowland’ (<1200)) 
from the hot lowlands to cold highlands and bimodal rain falls (ANRS Agricultural Bureau, 2017), 
conducive for the replication and persistence of animal disease causing agents and vectors. 
Subsistence crop-livestock production is the dominant agricultural system practiced in the sub 
region. 
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Figure 3: Map of the study area 
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3.2. Study population 
 
The study population was cattle managed under the traditional extensive and intensive production 
system.  The livestock population in ANRS is the largest next to the Oromia region estimated as 
15.5 million heads of cattle, among which 10.8 million cattle is found in the Western Amhara region 
(CSA, 2016). Apparently healthy, LSD non-vaccinated cattle of all age groups above 6 months and 
both sexes were used for the study. History of vaccination was confirmed through vaccination 
record and professional information in the districts. This was to eliminate the possibility of 
seropositivity due to vaccine and maternal antibodies. 
 
 
3.3. Study design 
 
A cross-sectional study was employed in selected districts of the western Amhara Region from 
February 2016 to May 2017 to estimate the seroprevalence and the associated risk factors. 
Questionnaire survey and focus group discussion with the key informants was conducted to assess 
farmers’ knowledge and practice and risk factors towards the disease. At the beginning of the study 
momentary description and discussion about the study was done for the district animal health 
experts and all data were collected accordingly. Retrospective study was conducted using five years 
(2010-2014) LSD outbreak reports obtained from the Ministry of Livestock and Fisheries (MOLF) 
data base. 
 
 
3.4. Sample size determination 
 
The sample size to determine the seroprevalence of LSD in the study area was calculated based on 
95% level of confidence, 5% desired level of precision and the expected prevalence of 32.5% in 
cattle (Thrusfield, 2007). As the prevalence of LSD in different districts of the western Amhara has 
not been substantially determined in previous studies, this study was assumed an expected 
prevalence of LSD of 32.5% (Average prevalence of Northern Ethiopia (28%) and Tigray region 
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(37%)) in the study area (Birhanu, 2015).  So the sample size was 674 cattle (involving multi-stage 
and systematic random sampling 337*2=674) which are determined by using the formula:  
n = 1.962 x Pexp (1- Pexp)  
              d2  
Where, n = required sample size  
Pexp = expected prevalence, d2 = desired absolute precision   
The required sample size was calculated as n = 337. Since the sampling strategy intended is a 
multistage random sampling, the sample size was increased to minimize chance of random errors 
and to increase accuracy (Thrusfield, 2007). Therefore, the calculated sample size was set at 674 
cattle. Due to the difference in population size in the 5 zones/10 districts and even within kebeles in 
the same district, sample size was allocated proportionally based on the existing population per 
zones/districts. 
 
For the questionnaire survey, it is assumed that 75% of the cattle owners know the disease very well 
since they live with LSD for a long period. Therefore, considering a 95% confidence level and a 5% 
desired absolute precision, a sample size of 288 cattle owners was interviewed for the study 
(Thrusfield, 2007). Five households/ kebele were participating for individual interview and 1 focus 
group discussion per village (a total of 28FGDs) consisting of 8-10 individuals/ group was 
conducted. Participants of focus groups were selected based on farmers’ willingness. 
 
Sampling and sampling strategy 
Districts and kebeles were selected randomly after clustering in agro climates (highland, 
midhighland and lowland) while systematic random sampling was used for selecting study 
individual animals for sampling and participant households. A total of 10 districts, proportionally, 
from each administrative zone (3 from N. Gondar, 2 from S. Gondar, 2 from W. Gojam, 2from E. 
Gojam and 1 from Awi zone) and 3 kebeles per district were randomly selected for the cross-
sectional studies. The sampling frame was constructed for kebeles and householders in consultation 
with Kebele administrators or and experts in District Agricultural offices. Householders owning 
animals and individual animals were primary sampling units for generating data and samples. 
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A recruitment exercise was conducted first to identify households who have cattle in the study. At 
the beginning of the study brief description and discussion about the study were done by the district 
animal health experts and all data were collected accordingly.  
 
 
3.5. Data collection methods 
 
3.5.1 Serum sample collection, submission and processing 
 
A total of 672 serum samples were collected in the study districts. About 6ml of blood sample were 
collected from jugular vein of selected animals using plain vacutainer tubes. The blood samples 
were collected along with other data of animals and kept in a slanted position overnight to allow 
serum separation via clotting blood samples. Serum samples were decanted and aliquoted into 2 mL 
cryovials before being transported and temporally stored in cold boxes. The separated serum was 
stored in cryovials at -20°C until processed.  
 
Supplementary information on potential risk factors (such as animals’ age and sex, health status, 
grazing management, body condition, agroclimate, introduction of new animals, and access to 
veterinary services) and date of last vaccination was recorded during blood sampling in each district 
and kebeles.  
Serum sample collection and handling 
Full disposable 10 ml sterile vacutainer tubes of whole blood samples were collected from the 
jugular vein of each animal. The tubes were then kept protected from direct sun light at room 
temperature in slant position until the blood clotted and sera were separated within 12 hours. The 
separated sera were transferred to sterile cryovials; bearing the names of kebeles, animal number, 
age and sex and kept in icebox at the field. 
 
Finally, the samples were transported to the National Veterinary Institute (NVI, Debreziet, Ethiopia) 
for serologicaltest using Serum Virus neutralization test (VNT). In the laboratory; the sera were 
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preserved at-20°C until laboratory investigation. All sera collected were subjected to serological 
tests following standard procedures. 
 
Testing procedure 
i) Test sera, including a negative and a positive control, are diluted 1/5 in Eagle’s/HEPES (N-2-
hydroxyethylpiperazine, N-2-ethanesulphonic acid) and inactivated at 56°C for 30 minutes. 
ii) Next, 50 μl of the first inactivated serum is added to columns 1 and 2, rows A to H of the 
microtitre plate. The second serum is placed in columns 3 and 4, the third in columns 5 and 6, the 
positive control serum is placed in columns 7 and 8, the negative control serum is placed in columns 
9 and 10, and 50 μl of Eagle’s/HEPES without serum is placed in columns 11 and 12 and to all wells 
in row H. 
iii) A reference strain of capripoxvirus, usually a vaccine strain known to grow well in tissue culture, 
with a titre of over log10 6 TCID50 per ml is diluted in Eagle’s/HEPES in bijoux bottles to give a 
log dilution series of log10 5.0, 4.0, 3.5, 3.0, 2.5, 2.0, 1.5 TCID50 per ml (equivalent to log10 3.7, 
2.7, 2.2, 1.7, 1.2, 0.7, 0.2 TCID50 per 50 μl). 
iv) Starting with row G and the most diluted virus preparation, 50 μl of virus is added to each well in 
that row. This is repeated with each virus dilution, highest titre virus dilution being placed in row A. 
v) The plates are covered and incubated for 1 hour at 37°C. 
vi) LT cells are prepared from pregrown monolayers as a suspension of 105 cells/ml in Eagle’s 
medium containing antibiotics and 2% fetal calf serum. Following incubation of the microtitre 
plates, 100 μl of cell suspension is added to all the wells, except wells H11 andH12, which serve as 
control wells for the medium. The remaining wells of row H are cell and serum controls. 
vii) The microtitre plates are covered and incubated at 37°C for 9 days. 
viii) Using an inverted microscope, the monolayers are examined daily from day 4 for evidence of 
CPE. There should be no CPE in the cells of row H. Using the 0240 KSGP vaccine strain of 
capripoxvirus, the final reading is taken on day 9, and the titre of virus in each duplicate titration is 
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calculated by the Kärber method. If left longer, there is invariably a „breakthrough‟ of virus in 
which virus that was at first neutralised appears to disassociate from the antibody. 
ix) Interpretation of the results: The neutralisation index is the log titre difference between the titre 
of the virus in the negative serum and in the test serum. An index of ≥1.5 is positive. The test can be 
made more sensitive if serum from the same animal is examined before and after infection. Because 
the immunity to Capripoxviruses is predominantly cell mediated, a negative result, particularly 
following vaccination, after which the antibody response may be low, does not imply that the animal 
from which the serum was taken is not protected. 
A constant-virus/varying-serum method has been described using serum dilutions in the range 1/5 to 
1/500 and fetal calf muscle cells. Because these cells have a lower sensitivity to capripoxvirus than 
LT cells, the problem of virus „breakthrough‟ is overcome. Antibodies to capripoxvirus can be 
detected from day 2 after the onset of clinical signs. These remain detectable for about 7 months, but 
a significant rise in titre is usually seen between days 21 and 42.  
 
3.5. 2 Retrospective study 
 
Five years retrospective data on LSD outbreak was collected to determine the spatial and temporal 
distribution of LSD outbreak in different administrative zones of Amhara region. The Amhara 
Regional Bureau of Livestock Development Agency and Ethiopian Ministry of Livestock and 
Fisheries (MoLF) database was used to extract and analyse the retrospective distribution of the 
disease in Amhara region. Retrospective description of epidemiological data on number of LSD 
outbreaks, sick and deaths, animals at risk and species involved were conducted for the period 
January 2010 to December 2014. 
 
3.5.3 Questionnaire survey 
 
Semi-structured questionnaire were prepared and pre-tested. The questionnaire was administered to 
the cattle owners in the selected kebele to obtain information on the existing diseases of cattle, risk 
factors and socioeconomic impacts of LSD according to the farmers. Each interview took about 20-
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25 minutes. From each kebeles cattle owners was selected and interviewed to reveal information 
regarding cattle size, age and sex, health status, grazing management, introduction of new animals, 
mixing different species of livestock, clinical signs of disease encountered, frequency of LSD 
outbreaks, number of diseased and dead animals and the attitude of the owners and herders of cattle 
towards vaccination and the effect of animal movements on disease spread. The main disease of 
cattle with a local name ‘‘Agrobrib’’, risk factors and transmission perceptions was interviewed at 
baseline to know the importance of LSD in comparison with other infectious diseases in the farming 
community (Annex2). 
  
 
3.6. Data management and statistical analysis 
 
Data entry and management was made using Microsoft Excel sheets and was imported to STATA 
ver.12. Analysis of basic descriptive statistics, and cross tabulations were done. The Odds ratio was 
calculated for each risk factor for sero-positivity of the disease to determine the degree of 
association risk factors and the LSD. Descriptive statistics like prevalence was used to calculate 
sero-positivity by dividing the number of LSD positive animals by the total number of animals 
tested. Univariable and multivariable logistic regression analysis were employed to identify risk 
factors associated with the occurrence of the disease. In all the analyses, confidence levels at 95% 
were calculated, and a P < 0.05 was used for statistical significance level. 
 
Indices were calculated for all ranking data according to the formula: Index= sum of (5 * number of 
household ranked first + 4 * number of household ranked second + 3 * number of household ranked 
third +2*number of household ranked fourth+1*number of household ranked fifth) given for each 
disease divided by sum of (5 * number of household ranked first + 4 * number of household ranked 
second + 3 * number of household ranked third +2* number of household ranked fourth+1* number 
of household ranked fifth)for all disease in a study site (Musa et al.,2006). The spatial and temporal 
distribution of LSD were created by using QGIS version 2.16.  Maps were also produced to show 
the distributions of outbreak report by districts in Amhara regional state. 
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4. RESULTS 
 
 
4.1. Seroprevalence 
 
A total of 672 serum samples collected from cattle from western Amhara region were tested for 
specific antibodies against LSDV using VNT.  Out of the total samples tested, 100 sera were found 
to be positive, making the overall seroprevalence of LSD, 14.9% (95% CI=12.2-17.6%) in the 
western Amhara. Lumpy skin disease was reported in all study districts with variable level of 
seroprevalence. However, the variation among districts was not statistically significant (p>0.05). At 
a district level, the highest LSD seroprevalence was reported in Dabat (22.4%) followed by Mecha 
(21.9%) and Simada (19.4%). The lowest seroprevalence was reported in Jabitenan district (6.4%) 
(Table 2).  
 
Table 2:  Seroprevalence distribution of Lumpy skin disease by district, western Amhara region 
 
 
Zone  Districts No. of Sera 
tested  
No. of 
Positives 
Sero-Prevalence (%) 95%Conf
. Interval 
N. Gondar G/Zuria 79 9 11.4 4.4-18.4 
Dabat 76 17 22.4 13-31.8 
W/Belesa 52 4 7.7   0.5-14.9 
S. Gondar  Fogera 79 10 12.7 5.0-20.0 
Simada 31 6 19.4 5.4-33.3 
W. Gojjam Mecha 96 21 21.9 13.6-30 
Javitenan 63 4 6.4 0.4-12.4 
E. Gojjam Gozamen 48 9 18.8 7.7-29.8 
D/Elias 36 3 8.3 0.7-17.4 
Awi Guangua 112 17 15.2 10.2-24.2 
Total 672 100 14.9 12.2-17.6 
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The zonal seroprevalence distribution of LSD was more or less similar along the administrative 
zones with relatively higher prevalence in West Gojjam (15.7%) followed by Awi (15.2%) and 
South Gondar (14.6%). 
 
 
Figure 4: Seroprevalence of Lumpy skin disease by zone, western Amhara 
 
Effects of host and environment related risk factors 
The association of different host and environment related risk factors with the seropositivity of LSD 
was analysed using univariable logistic regression (Table 3). Sex was not associated with the 
occurrence of the disease (P>0.05). However, the sero-prevalences was relatively higher in males 
(16.72%, Prevalence ratio = 1.27) than in female animals (13.18%). Age of animals was identified 
as risk factor (P<0.05) for the occurrence of the disease. High prevalence of LSD was reported in 
adults (17.1%) compared to the young cattle (11.16%). Adult cattle were 1.64 times more likely to 
be seropositive compared to young's (OR =1.64, 95%CI: 1.03-2.62, P = 0.037).  
 
Based on altitude differences the target area was broadly classified into Dega or ‘highland’ Weyna 
dega or ‘midland’ and Kolla or ‘lowland). Higher prevalence was reported in Dega (23.61%) 
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followed by Woyna dega (15.18%). However, odds of seropositivity showed lower odds ratio (0.45) 
in Dega and odds ratio (0.58) Weyna dega indicating protective, this disparity could be explained by 
small number of sera tested in this agroclimate.  
 
The body condition of animals was also associated with the disease, high seroprevalence in good 
body conditioned animals (18.70%) and relatively lower in medium (13.85%) and poor body 
conditioned animals (12.5%). But, good body condition animals were 0.62 times more protective 
than poor body condition animals with significant variation( OR=0.62, 95%CI.=0.39-1.0, p=0.05). 
The livestock production system showed a significant association (P<0.05) with LSD seropositivity. 
Higher prevalence was reported in intensive management (22.34%) and lower in extensive 
management (13.7%). The odds of LSD seropositivity showed that animals in intensive 
management was 1.82 times more likely to be seropositive (OR = 1.82, 95%CI: 1.06-3.12, P = 0.03) 
compared to extensive management. 
 
Table 3: Risk factors associated with Lumpy skin disease Seropositivity using Univariable Logistic 
regression Analysis 
Risk factors Number 
sampled 
Number of 
positive 
Prevalenc
e (%) 
Odds 
ratio 
95% ci (%) P-value 
Sex   Female 349 46 13.18 Ref - - 
  Male 323 54 16.72 0.76 0.49-1.16 0.199 
Age Young 251 28 11.16 Ref - - 
Adult 421 72 17.10 1.64 1.03-2.62 0.037 
Body 
condition 
 Poor 312 39 12.5 Ref - - 
 Medium 130 18 13.85 0.70 0.38-1.27 0.24 
 Good 230 43 18.70 0.62 0.39-0.99 0.05 
Agro 
climate 
 Kolla 264 32 12.12 Ref - - 
 W/Dega 336 51 15.18 0.58 0.31-1.08 0.084 
 Dega 72 17 23.61 0.45 0.23-0.86 0.016 
Manageme
nt 
Extensive 578 79 13.67 Ref - - 
Intensive 94 21 22.34 1.82 1.06-3.12 0.03 
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All variables whose p-value smaller or equal to 0.25 in the univariable analysis were fitted to 
multivariable logistic regression model to identify the risk factors among epidemiological variables. 
Five factors; sex, age, body condition, agro-climate and management system were fitted to the 
model (Table 4). As a result age, agro-climate and management system were risk factors associated 
with high occurrence of LSD in the study area.  
Table 4: Risk factors associated with Lumpy skin disease seropositivity using multivariable logistic 
regression analysis 
Risk factors Number 
sampled 
Number 
of 
Positive 
Prevalence 
(%) 
Odds 
ratio 
95% Conf. 
Interval of 
P-value 
Sex Female 349 46 13.18 Ref   
Male 323 54 16.72 0.74 0.47-1.14 0.17 
Age Young 251 28 11.16 Ref - - 
Adult 421 72 17.10 1.71 1.06-2.76 0.027 
Body 
condition 
Poor 312 39 12.50 Ref - - 
Medium 130 18 13.85 0.66 0.36-1.21 0.18 
 Good 230 43 18.70 0.68 0.42-1.10 0.12 
Agro-
ecology 
Kolla 264 32 12.12 Ref - - 
W/Dega 336 51 15.18 0.48 0.25-0.93 0.03 
Dega 72 17 23.61 0.37 0.19-0.73 0.004 
Management Extensive 578 79 13.67 Ref - - 
Intensive 94 21 22.34 1.85 1.05-3.26 0.033 
 
 
4.2. Questionnaire survey 
 
4.2.1 Farmers’ knowledge of Lumpy skin disease 
 
Questionnaire survey was conducted to assess the knowledge of livestock owners about LSD. 
According to respondents, LSD was the most important disease distributed in all zones and districts 
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of the western Amhara region (Index = 0.30) followed by Anthrax, Blackleg, FMD, CBPP and 
Pasteurellosis (Table 5). Out of the total of 282 respondents, 171 (60%) were aware of the LSD 
outbreaks and 160(56.74%) had their own animals been affected by LSD. 56% of the respondents 
were not vaccinated their animals during out breaks and most of the owners 158(56%) know the 
presence of vaccine against LSD disease (Figure 5) 
 
Table 5: Major cattle diseases based on herd owner’s response 
Scientific 
Name 
Local Name Ranks 
R1 R2 R3 R4 R5 Index 
LSD Agorebirib 57 63 61 31 15 0.30 
Anthrax Kurba 52 56 44 40 18 0.27 
Blackleg Michi 28 27 28 33 22 0.16 
CBPP Samba 12 13 19 14 19 0.08 
FMD Afemeyaz 7 22 22 22 30 0.10 
Pasteurellosis Enik(Gorerisa) 5 10 19 29 16 0.08 
R = rank; the highest index value means the highest importance 
 
The questionnaire surveys result indicated that livestock keepers were aware of the pathognomonic 
clinical signs of LSD skin lesion 52% (nodule), vesicular lesion (0.7%), swelling on the limb (1%), 
rough hair coat (3%), nasal discharges (0.7%), lacrimation (0.7%) and fever (0.35%) and from the 
total respondent 147(54%) have seen skin lesions of LSD. 
 
4.2.2 Management practices and their association with Lumpy skin disease occurrence 
 
It was observed that cattle in the study area were managed in different ways. All of the respondents 
were smallholder subsistence farmers. Majority of owners keep their animals together (60.64%) and 
separately (39.36%) in groups, utilize communal grazing (73.17%), private (21.99%) and both 
(5.67&) and watering points: together (94.6), private (4.97) and both (0.35%). Watering points and 
keeping other species of animals separately were found significantly associated with the LSD 
occurrence in the area (Table 6). 
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Table 6: Cattle management system and its relation to Lumpy skin disease occurrence based on herd 
owner’s response 
Management system  
 
No.of 
respondents 
LSD 
present 
Odds 
ratio 
95% CI of  P- value 
Grazing system Both 16 9 Ref - - 
Private 62 29 0.45 0.26-1.83 0.010 
Communal 204 133 0.69 0.25-1.92 0.47 
Watering points Both 1 0 - - - 
Private 14 4.96 0.16 0.04-0.59 0.006 
Communal 267 94.68 - - - 
Keeping with other 
species 
together 111 54    
separately 171 117 2.29 1.40-3.74 0.001 
 
4.2.3 Seasonal pattern of Lumpy skin disease 
 
According to the questionnaire survey result, the seasonal occurrence of the disease indicated that 
the disease occurs throughout the year but peak after the rainy season from September–December 
49% (N=139), and decreases in the dry season;31.56% (n=89) in January-March17.73% (n=50) in 
April-June (and 1.42% (n=4) in July - August  (Figure 6). 
 
 
Figure 5: Seasonal occurrence of Lumpy skin disease according to farmer’s knowledge 
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4.3. Retrospective study 
 
Analysis of retrospective data between January 2010 and January 2014(MoLF, 2014) indicated that 
a total of 290 outbreaks with 9083 cases and 585 deaths were reported to the Ethiopian database of 
the MOLF. The frequency of reported outbreaks was higher between September and December 
every year. The analysis showed that LSD was reported from all zones of the Amhara region. 
 
4 .3.1 Temporal distribution 
 
Five years (2010 to2014) retrospective LSD outbreak data was obtained from the database of the 
Ministry of Livestock and Fisheries. The record indicated that LSD outbreaks occurred every year, 
with a total of 290 outbreaks in different zones and districts of the Amhara region during the five 
year period, the highest number of outbreaks was reported in 2014(31%) followed by 2013(29%), 
and , medium in 2010 (15.9%) and 2012(14.5) and the lowest outbreaks were reported in 
2011(9.3%) (Figure 6). 
 
Figure 6: Temporal distribution of Lumpy skin disease outbreaks in Amhara region (2010-2014) 
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The total number of cases and deaths reported due to LSD in Amhara region during the 5 years 
(2010-2014) period was 9083 and 585, respectively. The highest number of cases was reported in 
2010 in N. Shewa zone and the highest number of cases was reported in 2014 in the region and the 
lowest number of cases in Waghemra zones from outbreak reports between (2010-2014). The 
overall number of cases reported from different districts varies from year to year as shown from 
Figure 8. The overall trend of LSD outbreaks shows that the number of outbreaks increased from 
year to year starting from July until it peaked in October and November and then decreases until it 
reaches the lowest number of outbreak again in February. The monthly overall outbreak pattern of 
the disease is shown in (figure 7). These results showed that the highest number of outbreaks was 
observed after the main rainy season.  
 
 
Figure 7: Temporal distribution of Lumpy skin disease occurrence in Amhara region (2010 - 2014) 
 
4.4.2 Spatial distribution 
 
According to the administrative zones, highest number of outbreaks were reported in North Shewa 
(72) followed by E. Gojjam (58) and Awi and W/Gojjam (36) zones and the lowest number of cases 
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was reported in S. Wollo (9) and Wag Hemra (5). Outbreaks were reported in all zones and districts 
within the five year period (Figure 8). 
 
Figure 8: Number of reported Lumpy skin disease outbreaks by Zone (2010- 2014) 
 
The highest number of cases was reported in 2010 in the N. Shewa zone and the lowest number of 
cases was reported in 2010 and 2011 from North Wollo zone, in 2012 from Oromia, in 2010 from S. 
Gondar, in 2010 from S. Wollo and in 2011from W. Gojjam. There were not cases reported in 2010 
and 2011, in 2010 and 2014from N. Gondar, in 2010 from Oromia, in 2011S. Wollo and in 2010, 
2011, 2012, and 2013 from Waghemira zones. The total number of cases reported from different 
districts varied from year to year as shown in the map (Figure 9). 
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Figure 9: Map showing the number of Lumpy skin disease cases and their spatial distribution in 
various parts of Amhara region (2010-2014) 
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5. DISCUSSION 
 
 
In this study, LSD seroprevalence was investigated in all five administrative zones of western 
Amhara region and five year retrospective study was undertaken in both western and eastern 
Amhara. Results of analysis disclosed that LSD is one of the major cattle health problems in the 
Amhara region. An effort has been made in this study to generate epidemiological information in the 
western Amhara region that helps to design appropriate control and prevention strategies against the 
LSD.  
 
The overall antibody prevalence of LSD reported in this study was 14.9% with slight variation 
among districts and zones. LSD antibodies have been circulating in cattle in all studied zones and 
districts of the western Amhara region, indicating that LSD is widely distributed in the sub region. 
The result obtained in this study is relatively lower as compared to other previous reports in the 
country; 28% in North Ethiopia, 37% in Tigray and 51% in Afar (Birhanu, 2012), but higher than 
the reports in and in W. Wollega (5.95% and 6.43%) and 6 and 11.6% in Eastern Ethiopia (Birhanu, 
2015; Zelalem et al., 2015).  
 
The present seroprevalence finding was also not comparable to other reports outside Ethiopia in 
which 6.5% of susceptible cattle in the affected areas were reported as having LSD during 2014 
outbreak in Azerbaijan (Zeynalova et al., 2016). This variation could arise from differences in the 
situation of the disease during the time of sampling, the variation in temporal and spatial distribution 
of the disease, the sensitivity and specificity of the serological tests used and variation in the age, 
agroclimate, and management and production systems of cattle. 
 
Antibodies to LSDV were detected in cattle from all administrative zones and districts enrolled in 
the study indicate the widespread nature of LSD and confirms the endemicity of the disease in 
western Amhara. The highest seroprevalence of LSD obtained in West Gojjam (15.27%) and Awi 
(15.18%) might have been  due to the fact that introduction of infected animals, abundance of insect 
vector and as of the point of sampling, most animals were showing clinical signs suggestive of an 
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outbreak of LSD due to re-introduction of the disease. In others, however, samples obtained were 
mostly from apparently healthy animals since there is no suggestive of LSD outbreak during 
sampling. Similar suggestion in Ethiopia was also given by Zelalem et al. (2015) who pointed out 
that there is large variation between regions and districts of the country.  
 
The absence of significant association (p>0.05) between sex and seropositivity to LSD was observed 
in a current investigation using univariable and multi-variable analysis, but other have reported 
(Tuppurainen, 2012) that lactating cows seem to be the most susceptible. On the contrary, males had 
higher seroprevalence than females in other studies that might be attributable to the stress factor of 
exhaustion and fatigue rather than a biological reason. Another reason given by others also 
mentioned that, the majority of male animals were draft oxen used for heavy labour, which might 
contribute to an increase in susceptibility (Zelalem et al., 2015; Rgbe, 2012) 
 
The occurrence of the disease across sex, location (zone and district) and body condition in this 
study showed no significant variation of seroprevalence (p>0.05) but age, agro-climate and 
management were significant (p<0.05). The seroprevalence of LSD virus observed in this study was 
in line with (Alemayehu et al., 2012). The significant variation of seroprevalence among age groups 
was observed in adult cattle. The odds of the seroposivity for adult animals was 1.64 times more 
likely of occurrence of LSD (OR=1.64, 95%CI=1.03-2.62, p=0.037) than in young age groups. 
Adults are exposed to more risk factors and higher frequency of occurrence of the disease. The 
disease is mainly transmitted mechanically from animal to animal by biting vectors (Grooms, 2005; 
Radostits et al., 2006, Zelalem et al; 2015).  
 
High level seroprevalences was reported in the highland (23.61%) than midland and low land with 
significant statistical variation (p<0.05). lowland). Higher prevalence was reported in Dega 
(23.61%) followed by Woyna dega (15.18%). However, odds of seropositivity showed lower odds 
ratio (0.45) in Dega and odds ratio (0.58) in Weyna dega indicating protective, this disparity could 
be explained by small number of sera tested in dega (OR=0.45, 95%CI. =0.23-0.86, P=0.016) and 
Weyna dega (OR=0.58, 0.31-01.08, p=0.08) without significant variation (p>0.05). This finding was 
not in agreement with the report of Zelalem et al. (2015) who reported higher prevalence in midland 
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and lowland. This difference might have been due to recent outbreaks of LSD in the highland during 
this study.  
 
Livestock production management was also found to be a risk factor for the occurrence of the 
disease where high prevalence was reported in the intensive management (22.34%) than extensive 
management (13.67%) with statistical significance (OR = 1.82, 95%CI: 1.06-3.12, P<0.03) variation 
probably due to breed difference (exotic breed) of animals in the intensive management that would 
contribute much for the transmission of the disease among animals. 
 
According to the questionnaire survey result and retrospective data, LSD occurs in endemic form 
and seasonal occurrence of the disease is high starting from end of the rainy season September to 
December and decreases in the dry season. This is similar with the reports of other researchers who 
showed high incidence of LSD during wet seasons when biting insect populations are abundant and 
it decreases during the dry season (Radostits et al., 2006; Gari et al., 2010; Rgbe, 2012). 
 
The questionnaire survey also indicated that livestock producing community recognize LSD very 
well and call LSD, with the local name ‘Agorebirib’ and its signs described were highly related to 
those indicated in the textbook and by other bulletins such as skin lesion, vesicular lesion, swelling 
of the limb, depression, rough hair coat, nasal discharges, lacrimation and fever (Radostitis et al., 
2007, Gari, 2011).According to the farmer respondents in the current survey, LSD was the major 
infection disease of cattle in the study area identified at 1st rank (Index=0.30) indicating high 
frequency of occurrence in the past 5 years in the Amhara region. Among management factors that 
contribute for the presence and transmissions of LSD infection, communal grazing, watering points 
and Keeping with other species were identified as the major contributors based on respondents. This 
might be explained by the fact that a new infection needs proximity to an infected cattle, and are 
considered to be responsible for the spread of the disease. An increasing number of susceptible 
animals within the population also contribute much to LSD transmission that is comfortable to the 
biting vectors. In extensive husbandry system, communal grazing areas and watering points are 
known to be the major sites of disease transmission (Abraham et al., 2005; CFSPH, 2008).  
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Vaccination plays an essential role in the control and prevention of LSD. Among the respondents, 
44% had knowledge about vaccination against LSD but 56% of respondents had never been 
vaccinated their animals against LSD in the study area. The low vaccination rate might be due to 
their unawareness of the benefits of vaccination, and unavailability of vaccines in nearby veterinary 
clinics or poor vaccination coverage by veterinarians.  
 
The retrospective study of occurrence of LSD in Amhara region showed that highest number of 
outbreaks have been reported from year 2010 to 2014 in all the zones of Amhara region with 
increased frequency of occurrence, peak in 2014. The temporal distribution in this study also 
indicated gradual increase in the number of outbreaks in the main rainy season starting from June to 
September and peak in November (Figure 7). The present finding is similar to the work of Rgbe, 
(2012) in Ethiopia, who reported the highest number of outbreaks after the main rainy season. On 
the other hand, LSD was also occurring mostly during the cool, dry season in most endemic areas of 
Africa (Zeynalova1 et al., 2016). This variation in the annual occurrence of the disease may be due 
to agro climate and management factors which may contribute to the survival and spread of the virus 
and vectors. After the main rainy season, the movement of animals is high for marketing and to look 
for fodder that may increase disease transmission. 
 
The spatial distribution also indicated that LSD is a widely distributed in the Amhara region with the 
highest frequency of outbreaks in the western part of Amhara region. In addition, overall picture of 
the five year number of outbreaks reported at the district level of the region was different from year 
to year. This might be due to favourable agroclimate for  vector multiplication, unrestricted 
movement of cattle and the presence of susceptible large number of cattle population and the  
Amhara region shared common boundaries with Oromia, Tigray, Benshangul Gumze regions and 
Sudan in which LSD is endemic (Zelalem et al., 2015) that calls for joint effort to control the 
disease. 
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6.CONCLUSION AND RECOMMENDATIONS 
 
 
The present cross-sectional and retrospective studies revealed the existence of LSD in all study 
zones and districts that confirms the endemicity of the disease in the western Amhara region. Lumpy 
skin disease was found to be the most economically important infectious disease of cattle frequently 
occurring in the Amhara region.  
 
The temporal and spatial distribution of LSD revealed that the disease was frequently circulating in 
the cattle population with a peak occurrence after the end of rainy season, between September and 
December. Epidemiologic variables such as age, agroclimate and livestock management were found 
important risk factors associated with the occurrence of LSD in the study region.  
 
Therefore, based on the above results and conclusion the following points are recommended: 
 Control measures, including regular surveillance and vaccination must be applied to the 
cattle in the region. 
 Cattle movement control should be implemented with special emphasis during LSD 
outbreaks 
 Livestock owners should be made aware about the means of transmission of LSD. 
 Further epidemiological investigation is needed to assess the pattern of the disease to suggest 
the implementation of strategic control and prevention of methods in the area.  
 Further study is highly recommended to elucidate role of vector insects implicated in the 
transmission of LSDV and their dynamics in different agro climates. 
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8. ANNEXES 
 
 
Annex 1: Common clinical sign of LSD 
 
Nodules on the neck and abdominal area        Nodules on the head area                                          
 
Emaciation,Lacrimation due to LSD infection  And  Depression         Swelling of limb and dewlap 
and reluctance to move  
 
Circumscribed nodules on the skin all over the body                  Prescapular lymph node enlargement 
and swollen superficial lymph nodes and swelling of limb. 
51 
 
Source; (Rgbe, 2012; Gari et al, 2014 and Zeynalova et al., 2016) 
Annex 2: Farmer interview protocol for LSD diseases and its risk factors 
I. General Information 
1. Name of the respondent (Optional) _________________ Sex ______Age _________ Educational 
status_____________ 
2. Region___________Zone_____________District_____________PA______________ 
3. Location of PA: Longitude ______________, Latitude _______________ 
Altitude _______________, Agro-climatic zone_________________ 
4. Livestock population in the PA: Cattle________ Sheep___________ Goat ______ 
5. Livestock, owned by the interviewee (species and number): 
Species Number Remark 
Bovine   
Ovine   
Caprine   
Equine   
Camel   
Poultry   
Others   
 
6. Contribution of livestock to livelihoods: Major.......... Medium......... Minor............... 
7. The small livestock species that has main contribution for livelihoods (give rank) 
Cattle _____ Sheep ____ Goats_____ Equine ______ Camel______ Poultry____ 
II. History of diseases in the herd 
1. List down the major diseases of cattle in your area in order of their importance 
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 For cattle 1________, 2__________, 3 _________, 4__________, 5 ________ 
2. Have you had LSD diseases in your animals? Yes............... No................ 
3. If you say yes for question no 2, what are the major clinical signs of the diseases; 
______________________________________________________________ 
4. If LSD diseases occurred in your animal, when was the last outbreak you experienced? 
A. This year B. Last year C.2 years ago D. 3 years ago E. > 5years 
5. Can you indicate the specific period for the disease outbreak? 
Started______________ ended _______________ 
6. How many cattle have got sick and died in your animals due to LSD? 
Number of sick _________, Number of died _______________ 
7. Select and put the trend of occurrence of LSD in the last five years 
A. Highly decreasing B. Decreasing C. Same D. Increasing E. Highly increasing  
III. Herd management practices 
1. Which husbandry system most frequently you practiced? 
a. Sedentary b. Transhumance c. Nomadic 
2. Which grazing system do you commonly used for your animal? 
a. Communal b. Private c. Zero grazing/stall feeding 
3.  From where your animal gets water most of the time? 
a. Communal b. Private water source 
4. How do you keep your small ruminant animals with other livestock’s? 
a. Together b. Separately 
5. Do you move your animal to other grazing place seasonally? a. Yes b. No 
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If yes, when________, where ______, how long did you keep them there_____________? 
6. Do you graze your animals with other people’s animals? a. Yes b. No 
If yes, with which species of animals? _______________________________________ 
7. Is there a known animal trade route around this area? a. Yes b. No 
If yes, mention the direction of the route _____________________________________ 
IV. Vaccination 
1. Have you ever vaccinated your animals for LSD: a. Yes b. No 
2.  If yes, how frequently did your animal get vaccinated? 
A.Annually B. Per 2 years C. per 3 years D. Only during outbreaks 
3.  Who vaccinate your animals?  
Public veterinarian_____ Private practitioner _____ 
4.  What do you think about the effectiveness of vaccination to prevent LSD disease: 
Very low _________Low ______Moderate _______High Very high________ 
5. What do you think about the effectiveness of movement restriction and avoiding mixing of 
your animals with other herd in preventing the introduction of the diseases? 
Very low______Low______Moderate ______High_______ Very high_______ 
6.  Side effect of vaccination against the diseases is; 
Very low______Low_____Moderate______High _______Very high_____ 
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Annex 3: Determination of cattle age by teeth (Johnson, 2003). 
 
 
 
Annex 4: Body condition scoring system (Klopcic et al., 2011) 
BCS                              Detailed Score 
Poor Tail head – deep cavity with no fatty tissue under skin and coat condition 
often rough. 
Loin – spine prominent and horizontal processes sharp 
1 
Medium Tail head – shallow cavity but pin bones prominent; some fat under skin 
Loin – horizontal processes can be identified individually with ends 
rounded. 
3 
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Good Tail head – fat cover over whole area and skin smooth but pelvis can be felt. 
Loin – end of horizontal process can only be felt with pressure, only slight 
depression in loin. 
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